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(54) Operational amplifier having an adjustable frequency compensation 

(57) An operational amplifier (5) with adjustable fre- 
quency compensation comprises a transcend uctance 
input stage (2) and an amplifier output stage (3) con- 
nected serially together between an input terminal (IN) 
and an output terminal (OUT) of the operational ampli- 
fier. At least one compensation block (6) is connected 
across the input and the output of said output stage (3). 

According to the invention, the compensation block 
(6) comprises a plurality (N) of charge storage elements 
(Ccn) connected in parallel together arxJ in series to a 
switch block (7) which selectively connects a sub-plural- 
ity (N*) of said charge storage elements (Ccn) across 
the input and the output of said output stage (3) on the 
basis of an external signal (BEL) of the amplifier (5). 
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Description 

Field of the Inverition 

This invention relates to an operational amplifier ^ s 
with adjustable frequency compensation, particularly 
with respect to closed -loop gala 

The operational amplifier is of the type which com- 
prises a transconductance input stage and an amplifier ^ 
output stage connected serially with each other to ' io' 
receive an input signal on at least one input terminaiof ' 
the amplifier and generate an amplified signal on ah 
output terminal of the amplifier. A'^compehsatiori block is 
also provided across the ouj^DLrt and the input of the but-' 
put stage for frequency compensation purposes; ' ' ' is 

Reference is made herein, by way of example and 
not of limitation, to unpr^etermined-^ain systems 
wherein the operational amplifier, specifically of the inte- 
grated type, is either part of a single moholithicaliy inte- . * 
grated device of, preferably, a separate circuit element, ' 20 

Background Art / * ' . " 

As is well known, operational amplifiers are circuit 
elements of fundamental importance to electronic at- '25 
cuits, and are widely used in a variety of applications. 

The most common construction of an opei-ational 
amplifier, to which this invention is related, basically 
comprises two serially connected stages, namely a 
transconductance input stage' and an amplifier output '30 
stage. 

In applications, an external feedback circuit is often 
provided to couple at least one output of the amplifier to , 
an input. thereof. 

A frequency-oriented analysis of the transfer tunc- 35 
tion of the amplifier 1 , that is of the mathematical law * 
that governs the relationship between the input'and out- 
put signals, enables the frequency-wise behavior and 
stability of the fed -back amplified to be determined. For 
the purpose,' it is necessary to Consider the transfer 40 
function G(s), where s is the complex variable. By trans- 
fer function, we mean here the modulo of the transfer 
function, for which the term gain or transfer ratio will be 
used as being more appropriate. Reference will be 
made hereinafter to open-loop transfer functions, that is 4S 
having no external feedback, as denoted by Goi(s)l and 
to closed-loop functions G. 

In connection with the stability problems of fed-back 
circuits, it is generally necessary at the designing stage 
that attention be paid to possible problems of frequency 50 
response therefroh. The need'for the fed-back amplifier 
to be a stable one, even at high frequencies and regard; 
less of the external feedback means in particular that 
an open-loop transfer function with suitably located 
poles and zeroes must be provided. ss 

It should be considered that the transfer function 
has a certain number of poles at certain frequencies, 
mainly due the presence of capacitances. With an oper- 
ational amplifier, these are primarily parasitic ' capaci- 



tances internal of the circuit and loads connected to the 
amplifier output. . . \ 

The effects of a pole are. -on the one side, a lower- 
ing circuit gain from its frequency value at a constant 
rate of decrease, and on the other side, the introduction 
of a phase shift, that is a phase change in the transfer 
function. Furthermore, an interaction with following 
poles enhances the effect on gain from the individual 
pole. ; 

Figure 1 a shows, in deciBels and on a log scale, the 
open-loop* gain pattern for an ideal operatibnai amplifier 
as a functibn of the frequency f. ' 

Only the two main poles of the transfer function are 
shown for the amplifier, namely a first or domiharrt pole" 
pi at a low frequency f 1 and a second or non-dominant ' 
pole p2 at a high frequency f2. 

As can be seen, the non-dominant pole p^ locates 
here at gain values of less than one in modulo. A 
closed-loop configuration, that is the case of \he feed-' 
back loop being closed, will be considered. With a' 
closed-loop gain Gel of unity value, i.e. Gci=OdB. the 
corresponding frequency defined by the intersection of 
the open-loop function Gqi with the frequency axis, the 
so-called cutoff frequency, precedes the frequency f2' 
that corresponds; to the hdn-dominant pole p2. if, as in 
the idi'al case illustrated, the frequency f2 Is sufficiently 
higher than the frequency ft. the phase ^ of the closed- 
loop transfer functibn is arhply less than 180**. This 
ensures the stability of the fed-back syistem, in conform- 
ity with Bode*s criterion for phase ahd gain. 

However, open-loop transfer functions usually 
exhibit the behaviour shown in Figure lb, which is typi- 
cal of an unstable fed-back System. Notice that the fre- 
quency f2, corresponding to the second pole, is in fact 
lower than the cutoff frequency ft of the ojDen-loop gain 
function Go|. Thus, the combined effects of the two 
poles resulting, after the second pole, in a doubled rate 
of gain decrease and combined phase shifts, are felt 
before the gain value Gq) has dropped down to unity. 
Accordingly, the fed-back system with gain close to one 
has a limited phase margin from 180*. 

The presence of further poles, not shown, at a 
higher frequency contributes toward making the fed- 
back amplrfier even more unstable because of the' 
phase margin being still more restricted'. 

In the prior art. to obtain a desired pattern for the 
open-loop transfer function, effective to ensure the 
amplifier stability in the fed-back configuration, so-called 
compensation * techniques have been used. These* 
allow, in particular, the pole locations to be altei^ed so as 
to bring the function profile close to that shown in Figure 
1a. ^ 

A compensation circuit, commonly consisting of a 
compensation capacitor, is introduced for the purpose, 
which allows at least one of the main poles to be shifted 
in frequency so as to re-locate it. The publication 'The 
Monolithic Op Amp: a Tutorial Study", IEEE Solid-State 
Circuits. Vol. SC-9, December 1974, pages 314-332 
provides a detailed description of that technique. 
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The compensation circuit may either be provided . 
outside the device or inside the amplifier. 

r In general, a typical arrangement for an operational 
amplifier with compensation, may be that shown in Fig- 
ure2- \ \ 5 

As previously mentioned, the amplifier, generally 
shown at 1, comprises two blocks placed serially 
between an input terminal IN and, an output .termirial , / 
OUT: an input stage 2 and an output stage 3. The . 
blocks 2 and 3 provide anriplifications -A1(f) and--A2(f), io 
respectively, which are functions of the frequency f. 

For the purpose of frequency compensation, the 
operational annplifier further includes a compensation 
block 4 connected, between the input and the putput of , 
the output stgge , ' ^ .. .. . , , ^ . i.5_ 

As shown in the figure, the'cornpensation bock-4 
consists.in practice of a.capacitjve.element Cq. typically^ 
a capiacitor having a capacitance in the range of a few 
pF to a few tens of piF, when internal," and of about 100 
pF when external, this capacitor is adapted to control .20. 
the value of the dominant pole, .and possibly of the fol- 
lowing poles in certain circuit configurations of the. 
amplifier. Basically, the compensation capacitor Cq con- ^ 
nected to the intermediate riode S' between the input. , 
and output, stages, wiir vary the, actual capacitance as 25 
seen from the aforementioned node, which is material ^ 
to the determination of the main poje locations.^ 

Among the rnost widely used compensation tech- 
niques are the so-called dominant pole ones, which pro- 
vide for a downward "shift of one pole, to „ make \t, so 
dominant, thereby allowing the gain to attain a "unity " 
value' while the other poles are still ineffective, and the. .. 
pole splitting techniques which utilize Miller's Effect. The . 
effect of this technique on the transfer function is indeed 
a splitting one, that is of moving the poles, specifically 35 
the two main poles, away from each "other. Accordingly, 
the transfer function will take, following cornpensatipn, a _ 
similar pattern to that shown in Figure la'. 

Known in the art are^ several embodiments of fre- 
quency-compensated operational iamplifiers ' using a [40 
variety of technologies of both the fylOS type, such as 
CMOS, NMOS or PMOS, and the bipolar type. . * 

An, operational amplifier compensated by conven- 
tional techniques of the kind just described has, how- 
ever, certain drawbacks. Let us consider in particular, in 45 
connection with the present invention., applications ^ 
wherein the amplifier is to operate with different feed- 
backs, or wherein the closed -loop gain is not predeter- 
mined univocally, due to fluctuations in the "working 
parameters during its operatior). Let us take, for exam- so 
pie, the instance of electrical systems having discrete 
elements, wherein the operational amplifier forms a cir- 
cuit by itself, useful in applications of the audio or tele- 
phone type where the feedback can be selected by the 
user. Also, in a fully integrated device, let us consider' 55 
the utilization of so-called variable-gain /operational 
amplifiers. 

Once the aniplifier is designed and fabricated with 
preset compensation, and therefore, with the open-loop 
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transfer function of the amplifier predetermined, the. 
choice of the fed-back amplifier gain, or closed-loop 
gain, as determined by the external feedback and 
essentially by the resistance value applied in the feed- 
back loop as previously explained, is restricted to a rel- 
atively narrow rainge of values. 

It should be borne in mind., in this respect, that in 
the design of fedrback operational amplifiers, special 
care is -taken to maximize the width of the frequency 
band wherein the amplifier operates properly and is sta- 
ble. The. selection, of certain closed-loop gain values 
clashes with .the requirements ,fbr stability and a wide 
frequency /esponse of the amplifier. 

To fTiake thi^ concept more easily understood, two 
discrete values.of clo$ed-loop. gain ioV an amplifier hav- 
ing a gredeterrnined compensation have been shown in. 
Figure,3a.Jn Figure 3b, the same gain values are shown 
for aq. ,g[naprifier ' having no .compensation or having 
reduced.cpmpensation with respect to the other figure. 
The ntimierical gain values ^re denoted by G1 and G2, 
with G1>i32 and G2 close to one. The respective fre- 
quencies at which the open-loop gain function is cut off 
are referenced f 1a and f2a in Figure 3a, and fib and f2b 
in Figure.Sb. Also shown at f1 '. f2' and f 1 , f2 are the fre- 
quencies of the main poles. , ^: , 

Wher^ the feedback deterrhines gain values G2 
close to" one, such as where the fed-back amplifier is 
configured as a follower, only the compensated annpli- 
fier is stable. To have matters ^ better understood, the 
gain axis should be visuaiized as shifted to the gain 
value G2. The frequencies f2a and f2b would then 
become the cutoff frequencies. Since the frequency f2a 
precedes the frequency f2' of the non-dominant pole, 
i.e. f2a=ff<f2' , the compensated amplifier will.be sta- 
ble, as explained hereinabove. The frequency f2b lies 
instead; above the cutoff frequency, i.e. f2b=f |>f2 , with 
attendant loss of stability for the uncompensated arrpli- 
f ier. ' 

On. the . other hand, where a particular "application 
requires a high gain, this, adversely affects the width of 
the frequency response. As can be gathered from a 
comparison of the two figures, for a gain of G1. the 
width of the response frequency band is too narrow at 
the higher frequericies, where compensation is used, 
and is wider for an amplifier with little compensation. It 
can be seen, in fact, that fla is significantly less than 
fib. ^ 

Thus, depending on the piarticular compensation 
applied, for a particular choice of gain, one can incur 
stability problems, on the one side, and excessive con- 
straint on the band and consequent loss of speed, on 
the other 

This problem is obviated in discrete element sys- 
tems by using an externat compensation capacitor 
which can be pluggeded in by the user according to the' 
closed-loop gain value selected. 

The underlying technical problem of this irivention is 
to provide an operational amplifier which is frequency- 
adjustable foV optimuni perlprmance* in terms of speed 
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of response and stability of the fed-back amplifier. ... 

In particular, an object of this invention is. to provide 
an operational amplifier with monolithiGally integratable 
compensation.- 

Furthermore, the amplifier should be uniquely ver- .5 - 
satile, and connectable by the user in a variety of sys-.. 
terns, such as programmable systems. 

Summary of the Invention , , . . 

. . . . , .10.. 

An operational amplifier.with adjustable frequency, , 
compensation, preferably an integrated one, comprises \ 
a transconductance input stage. and an amplifier output - : -. 
stage connected serially together between an inpuUer- 
minal and an output terniinal of the operational ampji- - is 
fier. For the purpose of frequency compensatjpri,.,., - 
moreover, a compensation bjock is- connected across - . 
the input and the output of the output stage. - ^, ... - 

According to the invention, the compensation block 
comprises a plurality of charge storage- elements con- 20 
nected in parallel together ed in series to a switch block 
which selects a sub-plurality of said charge storage ele- 
ments on the basis of an external. signal of the amplifier. . . 
The selected charge storage elements jointly provide an 
overall effective capacitance for frequency compensa- - 25, 
tion. 

In essence, for frequency compensation, the output 
terminal is connected to the input terminal of the ampli- 
fier by a feedback network which provides a closed-loop 
gain value and the external signal generated by a logic 30 
circuit which also sets the ciosed-Ioop gain value. The 
value of the overall effective capacitance is caused to 
vary according to the gain value, and is in particular an 
inverse function of the gain value. 

In practical embodiments, the charge storage ele- 35 
ments comprise compensation capacitors. Advanta- 
geously, the invention is useful with conventional 
compensation techniques, such as techniques of the . 
Miller type. 

This invention can be applied to systems wherein 40 
gain is neither predetermined nor predeterminable. 

Based on the solvent idea on which this invention . 
stands, the technical problem is solved by an opera- 
tional amplifier with adjustable frequency compensation 
of the type described previously and defined in the char- 45 
acterizing portions of Claim 1 foll.. 

The features and advantages of an operational 
amplifier according to this invention will be apparent 
from the description of embodiments thereof given by 
way of example and not of limitation with reference to so 
the accompanying drawings. 

Brief Description of the Drawings 

In the drawings: • ss 

Figures 1a and. lb illustrate the open-loop gain 
function, for a frequency-stable amplifier and an - 
amplifier which has instability at the high frequen- 



cies, respectively; 

Figure 2 is a block diagram of a frequency compen- 
sated operational amplifier according to the prior 
art: 

Figures 3a and 3b illustrate, in terms of closed-loop 
gain, the drawbacks of the conventional operational 
. amplifiers previously described, at two different 
cornpensation values; . . 

Figure 4 is a block diagram of an operational ampli- 
fier .with adjustable compensation according to this 
invention; . 

Figure 5 illustrates the regulating effect of the coni- 
pensation according to the invention; and 

^ Figure 6 shows, an -embodiment of anl.operational 
amplifier according to the invention using a Miller 
type of compensation. 

Referring to Figure 4, generally and schematically 
shown at 5 is an operational anriplifier embodying . this 
invention. Corresponding blocks and elements are 
denoted by the same references as used in the preced- 
ing figure relating to the prior art. Preferably, the opera- 
tional amplifier is monolithically integrated. 

The amplifier comprises, similar -to the conventional 
construction previously discussed, a transconductance 
input stage 2 and an amplifier output stage 3, connected 
serially with each other between at least one input ter- 
minal IN and an output terminal OUT Preferably, the 
input stage 2 is a differential type comprising a differen- 
tial pair of input transistors, for example. The amplifica-' 
tion fector -A1{f) shown indicates how much the input 
signal to the input stage 2 is amplified at the stage out- 
put, as a function of frequency. The output stage 3 is a 
gain stage having an amplification factor A2(f) and. pref- 
erably, an active gain element,- such as a transistor, as 
explained hereinafter, in connection with an exemplary 
embodiment. 

To, provide frequency compensation, a compensa? 
tion block 6 is connected across the irput and the output 
of the output stage 3, that is across the output terminal 
OUT and an intermediate node between the two stages 
2. 3 of the amplifier. 

Accprding to this invention, the compensation block 
6 comprises a plurality of charge storage elements 
which are, of preference, compensation capacitors. 
Shown by way of example in Figure 4 are capacitors 
Cqi. Cc2. Ccn- T^e number N of the compensation 
capacitors may be of a few units. The compensation 
capacitors. Ccn connected in parallel with one 
another and in series with a switch block 7. In particular, 
as shown in the figure, one terminal of the capacitors 
Ccn is connected to the output terminal OUT of the 
amplifier, and the other terminal to a first terminal of the 
switch block 7. A second terminal of the block 7 is con- 
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nected to the input of the output stage 3. However, the 
layout of the capacitors and the block 7 could be' 
reversed from that shown in the figure, so as to have 
said unconnected terminal of the compensation capaci- 
tors Ccn to the switch connected to the Input of the out- 
put stage 3. 

Each compensation capacitor provipies a compen- 
sation-effective capacitance value. This value may be 
the same or different for each capacitor. " 

the switch block functions to select, based dn a siig- ' 
nal SEL, a sub-plurality N' of charge storage eiements ' 
Ccn and selectively connects them in parallel across the 
input and the output of the output 'stage 3. The signal 
SEL is actually generatefd oijtside the circuit of 'the 
amplifier 5. ' ' 

The selected charge storage elements Ccn provide 
a cornbined effective capacitance Ctot for frequency 
compensation purposes. 

Where, for exaniple, the effective capacitances of 
the individual elements Ccn different, the switch 

block may select a single element having a'predeter- 
mined effective capacitance. In this case, -the overall 
capacitance will be determined by the specific element 
selected. Where the effective capacitance is the sanle 
for all elements, the overall compensation-effective 
capacitance will be dependent on a factor N'. that is on ' 
the number of the selected capacitors. In gerierai, a cer- 
tain number of capacitors would be~ selected some of 
which may have the same value: 

The frequency cohipensation of ah ariiplifier 
according to the invention may b6 varied to'advantage. 
In essence, for frequency compensation, assume that 
the output terminal- OUT of the amplifier 5 is feedback ' 
connected to the input terminal lN by a feedback net- 
work setting a value of Gd for the-ciosed-loop gain. The 
external signal SEL that controls the selection of the 
charge storage elements can be "varied to suit this 
closed-loop gain value. Advantageously, the external 
signal SEL rhay be generated by a logic circuit which 
also sets the gain value. The overall effective capaci- 
tance value is preferably made to vary accord ing'^to the 
gain value 0^. it being in particular an inverse function 
of the gain value. 

The variable compensation effect with feedback 
according to the invention is obtained by changing the 
value of the effective compensation capacitance. It 
should be borne in mind that the variation in compensa- 
tion corresponds to a shift in the cutoff frequency ft. 
Since the cutoff pulsation w^ is proportional to the cutoff 
frequency ft but for the factor 2P, and given by 
Wj=g mj/CC , in order to vary, for instance increase, the 
cutoff frequency, either the transconductance g^i of the 
input stage may be increased or the compensation 
capacitance decreased. 

The outcome of the preferred variation in the com- 
pensation capacitance that provides a variable compen- 
sation is shown in Figure 5. 

Shown are the open-loop gain functions for both the 
case, designated Gqi. where no feedback is provided 



and the case where a few different feedbacks are 
applied which may be identified by the corresponding 
closed-loop gain value Gel. By way of example, the 
open-loop gain functions corresponding to three differ- 

5 ent feedbacks are compared, in absolute value on a log 
sc^Ie. for gain values Gcn, Gc\2, Gci3' 1. 3 and 10, 
respectively. ' 

Where no resistance is applied to the feedback, that 
is the output is shorted to the input, as is the case with 

10 the follower, then the gain is zero and the corripensation 
selected at a maximum. Although the pass band is rela- 
tively harrow; stable operation 'pf the fed -back amplifier 
is ensuf^.^ Conversely, for a high gain, extreme with the 
open loop, the overall effective compensation capaci- 

15 tance i^ selected at a low value: • ■ 

Thfs' allows a very high corhpensation band to be • 
maintained; and 'therefore, ' the prior art < problems 
describied'lb bvercomH. thus, a suiFfici ent bandwidth 
is ensure^d for each'feedbiack selected. Advantageously, 

20 this also -affords "a high rate of amplifier frequency 
respohWfor each operating condition. 

It shduld be borne in mind thait each capacitor could 
be replaced with d different charge storage element or 
combiri'atidn of different capacitive elements. 

25 The effective capacitance Values, according to pre- 

""' ' f erred embodiments of the invention, may be in the 
range of a few tens of pF. 

Preferably, the switch block 7 according to the 
invention comprises a plurality- N of switches'ln, each 

30 connected in series witK a respective charge storage 
element Ccn- ^ 

A circuit diagram of an operational ahiplifier 5 
according to the invention will now be described with 
reference to Rgure 6 for a pole-splitting type of compen- 

35 sation. The circuit is based on Miller's compensation 

' principles. 

The following example relates in particiilar to cir- 
cuits niade^wlth MOS, preferably CMOS, technology. 
' Alternatively, the amplifier 5 could be made with an 

40 NMOS or PMOS technology, or a bipolar technology. 
' Rrst and second input terminals, IN- and IN+, rep- 
resent inverting and non-inverting terminals, respec- 
tively, of the amplifier. An output terminal is designated 
OUT The amplifier 5 input is connected to a transcon- 

45 ductance block 8 which has a tranconductance ghii and 
forms the input stage 2v preferably of the differential 
type. The output stage 3 has on its input an output tran- 
sistor Tg^o of the NMOS type. 

The transconductance block 8 has a pair of input 

50 terminals *'+" and connected to the amplifier input ter- 
minals IN-and IN+, respectively, and an output terminal 
connected to an intermediate node S. Its equivalent out- ' 
put resistor, designated rj, is shown connected to the 
output of the block 8. The output transistor. Tg^o 'S con- 

55 nected in a common-source configuration with its 
source terminal to the ground terminal GND. Its drain 
terminal is connected directly to the output terminal 
OUT and to an output current generator Ipo which 
forces a current flow through the transistor The opera- 
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tion of the transistor Tg^o is controlled through a gate 
terminal connected to the intermediate node S, 
between the input stage 2 and the output stage 3, Of 
course, the output transistor Tq„^o could be replaced 
with an equivalent active gain element serving the same 5 
amplification function. 

The compensation block 6 comprises a pair of com- 
pensation capacitors CC and CC. Although two com- 
pensation capacitors have been shown by way of 
example, a larger number N could be provided. In all 10 
cases, the compensation capacitors are connected in 
parallel between the drain of Tgmo and the intermediate 
node S, Connected in series with each compensation 
capacitor is a switch In which functions to allow the 
respective capacitor to be selected when in the closed is 
state. Each switch is controlled by a control s\^na\ 
SELn, not shown in the figure, outside the cirquit. In 
practice, the selected capacitor(s) will determine the 
actual compensation capacitance, and hence the pat- 
tern of the transfer function. Thie extent of the compen- -20 
sation provided can thus be varied. 

According to the invention, therefore, the compen- 
sation value can be controlled for optimum performance 
both in terms of speed of response and stability of the 
fed-back amplifier, for any gain values. 2s 

Within this invention, the operational amplifier may 
include an additional amplifier power stage connected : 
across the gain output stage and the output terminal. 

It will be appreciated that many changes and modi- 
fications may be made unto the operational amplifier, 30 
frequency self -compensated with respect to closed-loop 
gain, described above within the scope of the invention 
as defined in the following claims. 

Claims 35 

1. An operational amplifier (5) with adjustable fre- 
quency compensation, of the type which comprises 
a transconductance Input stage (2) and an amplifier 
output stage (3) connected serially with each other 40 
between an input terminal (IN) and an output termi- 
nal (OUT) of the operational amplifier, and at least 
one compensation block (6) connected across the 
input and the output of said output stage (3), 
characterized In that said compensation block (6) 45 
comprises 



sation. 

3. An operational amplifier according to Claim 2, char- 
acterized in that said external signal (SEL) control- 
ling the selection of said sub-plurality of charge 
storage elements (Ccn) is variable according to a 
closed-ioop gain value (Gci) determined by an 
external feedback network applied between said 
output (OUT) and input (IN) terminals of the opera- 
tional amplifieK 

4. An operational amplifier according to Claim 2, char- 
acterized in that each of said selected charge stor- 
age elements provides a different effective 
capacitance (Ceff), and said switch block (7) 
selects a single charge storage element (Ccn) hav- 
ing a predetermined effective capacitance (Ceffp). 

5. An operational amplifier according to Claim 2, char- 
• acterized in that said charge storage elements 

(Ccn) provide the same effective capacitance value 
(Ceff). 

6. An operational amplifier according to Claim 1 , char- 
acterized in that said charge storage elements 
(Cqp) comprise compensation capacitors. 

7. An operational amplifier according to Claim 1 , char- 
acterized in that said switch block (7) comprises a 
plurality (N) of switches (In), each connected in 
series with a respective one of the charge storage 
elements (Ccp). 

8. ' An operational amplifier according to Claim 1 , char- 

acterized in that it is made with CMOS technology. 



40 



a plurality (N) of charge storage elements (Ccn) 
connected together in parallel and in series to a 
switch block (7) which selectively connects a so 
sub-plurality (N') of said charge storage ele- 
ments (Ccn) across the input and the output of 
said output stage (3) on the basis of a signal 
(SEL) external to the amplifier (5). 

55 

2. An operational amplifier according to Claim 1 , char- 
acterized in that said sub-plurality of selected 
charge storage elements (Ccn) provide an overall 
effective capacitance (Ctot) for frequency compen- 
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